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(Si) Improved control of the electronic shutter time in a video camera. 



(57) A video camera comprises an image sensing 
device (2) for sensing an incident light to gener- 
ate charges and supplying an output signal 
corresponding to the charges (the output signal 
comprising a recurrent vertical scanning period 
and a recurrent vertical blanking period, the 
vertical scanning period including a plurality of 
horizontal scanning periods), comparators 
(21,22) for comparing a level of the output 
signal with reference levels (V^vy to generate a 
compared output signal, a circuit (15) for 
generating a first clock pulse having the same 
frequency as a horizontal scanning period, a 
circuit (15) for generating a second dock pulse 
having a frequency higher than that of the first 
dock pulse, and an exposure time controlling 
circuit (16,17) for receiving the compared out- 
put signal and controlling an exposure time of 
the image sensing device in synchronism with 
the first clock pulse according to the compared 
output signal when the exposure time is within 
the vertical scanning period, and the exposure 
time controlling circuit controls the exposure 
time in synchronism with the second clock 
pulse when a whole exposure time is within a 
vertical blanking period. The level of the refer- 
ence signals can be controlled according to the 
duration of the exposure time such that a differ- 
ence between the first and second reference 
levels increases as the exposure time become 
shorter. A further embodiment uses first to 
fourth comparators and first to fourth reference 
levels to improve the response speed of the 
exposure control. To avoid deterioration of the 
image signal the comparator circuit can be 
disabled during the active image intervals. 
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The present invention generally relates to an 
electronic iris control circuit for a CCD (charge- 
coupled device) video camera. More specifically, but 
not exclusively, this invention relates to an electronic 
iris control circuit in which an average value of a video 
signal based on signal charges, accumulated in a 
plurality of pixels of a solid state imaging device and 
sequentially transferred, is detected, a detected value 
of the average value of the video signal and a com- 
parison reference value are compared with each 
other by one or a plurality of comparing circuits to de- 
tect one of a plurality of separated regions, which re- 
sult from separating a maximum value and a minimum 
value, to which the detected value belongs and a tim- 
ing at which a shutter pulse for discharging the signal 
charges from the respective pixels of the solid state 
imaging device is supplied is controlled on the basis 
of a detected result to thereby control a signal charge 
accumulation time period of each pixel. 

Conventional solid state image sensors, e.g., 
CCD solid state image sensors are designed so as to 
discharge a signal charge accumulated in each of 
photo-electric converting elements within the solid 
state imaging device to an overflow drain region or to 
a semiconductor substrate side by the application of 
a shutter pulse. An exposure time of such solid state 
image sensor also can be changed by adjusting a 
charge accumulation time within a field period by the 
application of the shutter pulse. 

The charge accumulation time is controlled by the 
shutter pulse at the unit of 1 H (H is the horizontal per- 
iod) because a timing at which the shutter pulse is ap- 
plied is limited to a horizontal blanking period. The ap- 
plication timing of the shutter pulse is limited to the 
horizontal blanking period in order to avoid a noise 
from entering a video signal. 

One video camera using such solid state imaging 
device effectively utilizes such electronic shutter 
function thereof to control its iris. 

FIG. 1 of the accompanying drawings shows a 
conventional electronic iris control circuit. FIG. 2 is a 
timing chart used to explain operation of the electron- 
ic iris control circuit shown in FIG. 1. 

In FIG. 1, reference numeral 1 designates a lens, 
2 a solid state imaging device, 3 a sample and hold 
(S/H) circuit which samples and holds an output from 
the solid state imaging device 2, 4 an AGC (automatic 
gain control) circuit, 5 a gamma-correcting circuit, 6 a 
white level clipping circuit and 7 a clamping circuit. 

There is shown an example of a conventional 
electronic iris control circuit that is generally depicted 
by reference numeral 8a in FIG. 1. As shown in FIG. 
1 , the electronic iris control circuit 8a comprises a low- 
pass filter (LPF) 9 which integrates the output of the 
sample and hold circuit 3, comparing circuits 10a, 10b 
and a shutter control circuit 11. 

The low-pass filter 9 is adapted to detect a bright- 
ness (average brightness) of the whole screen by in- 
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tegrating the output of the sample and hold circuit 3. 
The comparing circuits 10a and 10b are adapted to 
determine by comparing a detected value of such 
brightness with different reference values V1, V2 
5 whether the detected value is larger than the refer- 
ence value V1, the detected value falls between the 
reference values V1 and V2 or whether the detected 
value is smaller than the reference value V2. The 
shutter control circuit 1 0 is adapted to increase a shut- 
to ter speed when the output of the low-pass filter 9 is 
higher than the reference value V1 and to decrease 
the shutter speed when the output of the low-pass fil- 
ter 9 is lower than the reference value V2. When the 
output of the low-pass filter 9 is lower than the refer- 
15 ence value V1 and higher than the reference value 
V2, the shutter speed is not changed. 

In FIG. 2, reference symbol V BLK depicts a vertical 
blanking signal, Xs G1 a read-out signal (ROG), HD a 
horizontal synchronizing signal and X sub(1) to Xs Ub(n) 
20 depict shutter pulses representative of discharge 
commands in the respective examples which will be 
described later. 

The exposure time of the solid state imaging de- 
vice is longest in the case of the shutter pulse X sub{1) , 
25 and can be changed at the unit of horizontal period 
such as X sub(2) , X sub(3) , X sub(4) ,... The exposure time 
covers a time period starting from a time point at 
which the final pulse of shutter pulses generated at 
every horizontal period after the read-out signal X S gi 
30 was produced to a time point at which the next read- 
out signal X SG1 is generated. Then, the shutter pulse 
is inhibited from being generated during the vertical 
blanking period in the prior art. Therefore, the expos- 
ure time is 1/1500 second when the iris is made larg- 
35 est and an iris dynamic range in the prior art falls in 
a range of from 1/60 second to 1/1500 second. 

Meanwhile, the iris dynamic range falls in a range 
of from 1/60 second to 1/1500 second in the prior art 
as described above. However, a request for widening 
40 the iris dynamic range cannot be satisfied in the prior 
art. If the iris dynamic range is widened, when inten- 
sity of light irradiated on the solid state imaging de- 
vice is high, then a so-called hunting occurs in the iris 
control operation. This hunting will be described more 
45 fully below. 

While the electronic iris control circuit controls 
the shutter such that an average value of the output 
signal from the solid state imaging device becomes 
constant, If a width in which the output signal is 
50 changed by the control of exposure time is larger than 
a width of dead zone of the iris control system, then 
it is unavoidable that the hunting occurs. Then, the 
shorter the exposure time becomes, the larger the 
level of the output signal of the solid state imaging de- 
55 vice is changed per the change of exposure time of 
one step is changed. Accordingly, if intensity of light 
irradiated on the solid state imaging device is larger, 
then the hunting occurs. 

2 
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The shutter pulse X sub0) shown in FIG. 2 will be 
described by way of example. In this case, a rate with 
which the exposure time is changed when the expos- 
ure time is reduced by one unit time, i.e., a shutter gain 
difference {[exposure time (1 ) - exposure time ^/ex- 
posure time (1)} is very small. 

However, when the exposure time becomes very 
short, i.e., nearly 1/1500 second, a denominator of 
the shutter gain difference = [exposure time (n) - ex- 
posure time (n+1)]/exposure time (n), which is the 
equation for obtaining the shutter gain difference, be- 
comes very small while its numerator is constant (i.e., 
1H). A ratio between the maximum value and the 
minimum value of the shutter gain differences be- 
comes about 10:1. 

Because, the frequency of 1H is 15734 Hz and 
hence the time unit in which the exposure time can be 
changed is 1/15734 second while a time at which the 
read-out signal S SG1 occurs after the vertical blanking 
period was started (i.e., this time is nearly equal to 
the maximum exposure time in the prior art) is 1/1 500 
second. If the output signal from the solid state imag- 
ing device is changed considerably by shifting the ex- 
posure time by one unit time as described above, then 
the hunting occurs unavoidably. As a result, the shut- 
ter gain difference become maximum immediately af- 
ter the vertical blanking period was ended. To prevent 
the hunting from occurring even when the shutter 
gain difference is maximum (substantially 10 %), a 
dead zone width is set in the prior art. However, if it 30 
is intended that the shutter pulse occurs even in the 
vertical blanking period in order to widen the dynamic 
range, then the shutter gain difference becomes con- 
siderably large because the frequency of the shutter 
pulse is set to 15734 Hz constantly. Therefore, the 35 
hunting occurs. 

For this reason, the conventional maximum shut- 
ter speed is limited to 1/1500 second and the iris dy- 
namic range is limited in a range of from 1/60 second 
to 1/1500 second. 40 

Further, in order to avoid the hunting, a dead 
zone is set in the prior art as shown in FIG. 3. To be 
more concrete, as a reference value used when the 
output from the low-pass filter 9 is compared with the 
reference value, there are set two reference values, 45 
i.e., an upper reference value V1 and a lower refer- 
ence value V2. If the output from the low-pass filter 9 
is higher than the upper reference value V1 , then the 
shutter speed is increased. If the output from the low- 
pass filter 9 is lower than the lower reference value 50 
V2, then the shutter speed is decreased. If the output 
from the low-pass filter 9 lies between the reference 
values V1 and V2, the shutter speed is not changed. 
Thus, the dead zone is set. 

The width of the dead zone, i.e., V1 - V2 is made 55 
constant regardless of the duration of the charge ac- 
cumulation time. More specifically, the width of the 
dead zone is set to a value commensurate with the 



maximum value of the shutter gain difference in the 
vertical scanning period, i.e., the shutter gain differ- 
ence (1 0 %) provided just before the vertical blanking 
period is started. 
5 In the conventional electronic iris control circuit, 

the width of the dead zone is set regardless of the 
duration of the charge accumulation time. There is 
then the problem that a sensitivity in the iris control 
operation is lowered unnecessarily when the charge 
10 accumulation time is reduced more. 

That is to say, the dead zone width must be in- 
creased in accordance with the increase of the shut- 
ter gain difference or else the hunting occurs. Conse- 
quently, it is unavoidable that the dead zone width is 
15 increased in the portion where the shutter gain differ- 
ence is large, i.e., the charge accumulation time is 
short. 

The dead zone width might be narrow if the shut- 
ter gain difference is small. In the prior art, however, 
20 the dead zone width is made wide in accordance with 
the maximum value of the shutter gain difference, 
and the dead zone width is unnecessarily wide in the 
portion in which the shutter gain difference is small. 
If the dead zone width is unnecessarily wide, a 
25 sensitivity is lowered uselessly, which unavoidably 
causes a large error to be produced in the level of the 
output signal from the solid state imaging device. The 
reason for this is as follows. Even though the dead 
zone has the width, it is customary that a target value 
of the output signal level of the solid state imaging de- 
vice, i.e., an ideal converging value is a central value 
between the upper reference value V1 and the lower 
reference value V2. Besides, the iris cannot be con- 
trolled in the range of the dead zone. There is then 
the possibility that the output signal from the solid 
state imaging device is set to a level relatively largely 
distant from the target value. In other words, the dead 
zone width serves also as the error range so that, if 
the dead zone width is widened unnecessarily, then 
it is unavoidable that the error range is widened un- 
necessarily. Therefore, the level of the video signal 
must be kept constant by the succeeding AGC circuit 
4 and the AGC circuit4 of high efficiency is indispens- 
able for the conventional iris control circuit. 

Furthermore, according to the conventional elec- 
tronic iris control circuit, the iris is controlled by de- 
creasing or increasing the exposure time by one hor- 
izontal period each during the vertical scanning peri- 
od. There is then the problem that an optimum expos- 
ure is realized with plenty of time, i.e., that a response 
speed is low. 

More specifically, the range that the iris can be 
controlled in the vertical scanning period falls in a 
range of from 1/60 second to 1/1500 second and 
about 254 steps are contained in the above iris con- 
trollable range. If it is intended that the exposure time 
is changed from one to the other end of such iris con- 
trollable range, then only 60 steps are changed per 
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second. Therefore, it takes about 4.2 seconds to 
reach the optimum iris. That is to say, the iris is not 
changed substantially by one step in the darkness 
and the response speed becomes very low. 

In the conventional electronic iris control circuit 
shown in FIG. 1, as shown in FIG. 2, the comparing 
circuits 10a, 10b are constantly operated. If the output 
from the low-pass filter 9 is changed regardless of the 
vertical blanking period and the vertical effective per- 
iod, then the outputs from the comparing circuits 10a, 
10b can be changed. The change of this output rep- 
resents a large and severe change of an amplitude 
between Vcc (e.g., 5V) and OV. This change causes 
a crosstalk that exerts a seriously bad influence upon 
a video signal of very small level, whereby a noise is 
produced on the picture screen and a picture quality 
is deteriorated. 

Therefore, the present invention is concerned 
with providing an improved electronic iris control cir- 
cuit in which the, or at least some of the, aforesaid 
shortcomings and disadvantages encountered with 
the prior art can be reduced or eliminated. 

More specifically, the present invention is, in one 
aspect, concerned with providing an electronic iris 
control circuit in which a dynamic range of an iris can 
be widened while there occurs no hunting when the 
iris is controlled. 

The present invention is also concerned with pro- 
viding an electronic iris control circuit in which prefer- 
ably an error range used when an electronic iris is 
controlled can be narrowed in response to a charge 
accumulation time while there occurs no hunting. 

The present invention is furthermore concerned 
with providing an electronic iris control circuit in which 
a response speed can possibly be increased. 

The present invention is moreover concerned 
with providing an iris control circuit in which picture 
quality can perhaps be prevented from being deterio- 
rated when a bad influence is exerted upon a video 
signal by the change of an output from a comparing 
circuit during a vertical effective period. 

According to a first aspect of the present inven- 
tion, there is provided a video camera which compris- 
es an image sensing device for sensing an incident 
light to generate charges and supplying an output sig- 
nal corresponding to the charges, the output signal 
comprising a recurrent vertical scanning period and a 
recurrent vertical blanking period, the vertical scan- 
ning period including a plurality of horizontal scanning 
periods, a comparator for comparing a level of the out- 
put signal with a reference level to generate a com- 
pared output signal, a circuit for generating a first 
clock pulse having the same frequency as a horizon- 
tal scanning period, a circuit for generating a second 
clock pulse having a frequency higher than that of the 
first clock pulse, and an exposure time controlling cir- 
cuit for receiving the compared output signal and con- 
trolling an exposure time of the image sensing device 
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in synchronism with the first clock pulse according to 
the compared output signal when the exposure time 
is within the vertical scanning period, and the expos- 
ure time controlling circuit controlling the exposure 
5 time in synchronism with the second clock pulse 
when a whole exposure time is within a vertical blank- 
ing period. 

According to a second aspect of the present in- 
vention, there is provided a video camera which corn- 
to prises an image sensing device for sensing an inci- 
dent light and generating charges and supplying an 
output signal corresponding to the charges, first and 
second comparators for comparing a level of the out- 
put signal wit h first and second variable reference lev- 
15 els to generate a compared output signal, an expos- 
ure time controlling circuit for receiving the compared 
output signal and controlling an exposure time of the 
image sensing device according to the compared out- 
put signal, and a control circuit for controlling the first 
20 and second reference levels according to a duration 
of the exposure time such that a difference between 
the first and second reference levels increases as the 
exposure time become shorter. 

According to a third aspect of the present inven- 
25 tion, there is provided a video camera which compris- 
es an image sensing device for sensing an incident 
light and generating charges and supplying an output 
signal corresponding to the charges, first, second, 
third and fourth comparators for comparing a level of 
30 the output signal with first, second, third and fourth 
reference levels from high to low level, respectively, 
to generate a compared output signal, and an expos- 
ure time controlling circuit for receiving the compared 
output signal and controlling an exposure time of the 
35 image sensing device according to the compared out- 
put signal. 

According to a fourth aspect of the present inven- 
tion, there is provided a video camera which compris- 
es an image sensing device for sensing an incident 

40 light, generating charges and supplying an output sig- 
nal corresponding to the charges, the output signal 
having recurrent blanking intervals interspersed with 
active picture intervals, a comparator for comparing a 
level of the output signal with a reference level to gen- 

45 erate a compared output signal, t he comparator being 
disabled during the active picture intervals, and an 
exposure time controlling circuit for receiving the 
compared output signal and controlling an exposure 
time of the image sensing device according to the 

so compared output signal. 

The invention will now be more particularly de- 
scribed, by way of illustrative and non-limiting exam- 
ple, with reference to the accompanying drawings, in 
which: 

55 FIG. 1 is a block diagram showing an example of 

a conventional electronic iris control circuit; 
FIG. 2 is a timing chart used to explain operation 
of the conventional iris control circuit shown in 

4 
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FIG. 1; 

FIG. 3 is a schematic diagram used to explain a 
dead zone; 

FIG. 4 is a block diagram showing an electronic 
iris control circuit according to a first embodiment 
of the present invention; 

FIG. 5 is a timing chart used to explain operation 
of the electronic iris control circuit of the first em- 
bodiment shown in FIG. 4; 
FIG. 6 is a block diagram showing an electronic 
iris control circuit according to a second embodi- 
ment of the present invention; 
FIG. 7 is a timing chart used to explain operation 
of the electronic iris control circuit of the second 
embodiment shown in FIG. 6; 
FIG. 8 is a schematic diagram showing a dead 
zone and to which references will be made in ex- 
plaining operation of the electronic iris control cir- 
cuit of the second embodiment shown in FIG. 6; 
FIG. 9 is a block diagram showing an electronic 
iris control circuit according to a third embodi- 
ment of the present invention; 
FIG. 1 0 is a timing chart used to explain operation 
of the electronic iris control circuit of the third em- 
bodiment shown in FIG. 9; 
FIG. 11 is a block diagram showing an electronic 
iris control circuit according to a fourth embodi- 
ment of the present invention shown in FIG. 10; 
and 

FIG. 1 2 is a timing chart used to explain operation 

of the electronic iris control circuit of the fourth 

embodiment shown in FIG. 10. 

While the electronic iris control circuit according 
to the embodiment of FIGS. 4 and 5 has specific fea- 
tures different from those of the conventional elec- 
tronic iris control circuit shown in FIGS. 1 and 2, com- 
mon elements and parts were already described in 
the preamble and need not be described herein. Only 
different elements and parts will be hereinafter de- 
scribed, in which like reference numerals are used to 
identify the same or similar parts through several 
views. 

As shown in FIG. 4, there is provided the elec- 
tronic iris control circuit 8 which comprises the follow- 
ing elements. 

The low-pass filter 9 integrates a video signal out- 
put from the sample and hold circuit 3 to convert the 
same into a DC value. Comparing circuits 21, 22 are 
adapted to compare an output voltage of the low-pass 
filter 9 with the reference voltages V1, V2 (V1 >V2). 
The comparing circuit 21 compares the output voltage 
of the low-pass filter 9 with the reference voltage V1 
and the comparing circuit 22 compares the output vol- 
tage of the low-pass f ilter 9 with the reference voltage 
V2. 

A decoder 13 outputs an addition command sig- 
nal or a subtraction command signal on the basis of 
the compared results from the comparing circuits 21 , 
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22. To be more concrete, when the comparing circuit 
1 1 outputs a signal representative of the compared re- 
sult that the output signal from the low-pass filter 9 is 
higher than the reference voltage V1, the decoder 13 

5 outputs the addition command signal, which leads to 
the increase of the shutter speed. 

When the comparing circuit 22 outputs a signal 
representative of the compared result that the output 
signal from the low-pass filter 9 is lower than the ref- 

10 erence voltage V2, the decoder 13 outputs the sub- 
traction command signal, which leads to the decrease 
of the shutter speed. 

When neither the comparing circuit 21 nor the 
comparing circuit 22 outputs the signal, or when the 

15 output signal from the low-pass filter 9 is lower than 
the reference voltage V1 and higher than the refer- 
ence voltage V2, the decoder 13 outputs neither the 
addition command signal nor the subtraction com- 
mand signal. A portion between the first and second 

20 reference voltages V1 and V2 is the dead zone, as 
shown in FIG. 3, that is made a little wider than the 
amount that the signal level of the output signal from 
the solid state imaging device 2 is changed when one 
unit time (1/15734 second) exposure time is changed 

25 at the portion in which the shutter gain difference is 
10%. 

There is shown a count value designating circuit 
14 which stores therein a pulse count value that de- 
termines a shutter speed and which increases or de- 

30 creases a count value on the basis of the command 
signal from the decoder 13. 

There is provided a clock generating circuit 15 
which receives the vertical blanking signal V BLK , the 
read-out signal X SG1 and the horizontal synchronizing 

35 signal HD to generate a clock pulse CLK. This clock 
pulse CLK becomes a shutter pulse when it is gated 
by a shutter clock pulse generating circuit 17 which 
will be described later on, 

The clock generating circuit 15 generates a first 

40 pulse at every horizontal blanking period in response 
to the read- out signal X SG1 . The frequency of this first 
pulse is of course 1 5734 Hz. The clock generating cir- 
cuit 15 keeps generating the first pulse of 15734 Hz 
in response to the read-out signal X S gi during a time 

45 period in which the vertical blanking period is ended, 
the next vertical scanning period started and this 
vertical scanning period is ended. When the next 
vertical blanking period is started after the vertical 
scanning period was ended, the pulse generated by 

50 the clock generating circuit 15 is switched from the 
first pulse to a second pulse. The second pulse has 
a frequency of 2 MHz (or 1 MHz). When the read-out 
signal X SG1 is generated during the vertical blanking 
period, the clock generating circuit 15 is placed in the 

55 condition that it may generate the first pulse. The 
clock generating circuit 15 repeats such operation at 
every field period. 

The reason that the frequencies of the pulses 

5 
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generated during the vertical scanning period and the 
vertical blanking period are varied will be described 
below. 

In order to prevent a noise from entering the video 
signal from the solid state imaging device 2 due to the 
shutter pulse during the vertical scanning period, the 
shutter pulse is generated only in the horizontal blank- 
ing period. The vertical blanking period becomes the 
blanking period and there is then no risk that a noise 
enters the video signal due to the shutter pulse. 
Therefore, the timing at which the shutter pulse is 
generated is not restricted to the horizontal blanking 
period so that the exposure time can be changed in 
a short unit time. Further, the reason that the expos- 
ure time can be varied in a short unit time is that, if 
the period of the shutter pulse is constant, the shutter 
gain difference is increased as the exposure time be- 
comes shorter, causing the hunting to take place. 
Therefore, the shutter gain difference can be prevent- 
ed from being increased by reducing the unit time at 
which the exposure time is varied. 

There is shown a counter 1 6 that counts the pulse 
output from the clock generating circuit 15. Specifical- 
ly, the counter 16 starts the counting when it is reset 
by the read- out signal X SG1 . Also, the counter 1 6 gen- 
erates a reset signal when the count value thereof 
reaches a count value stored in the count value des- 
ignating circuit 14. 

There is shown a shutter pulse generating circuit 
1 7 which is set in response to the read-out signal X SG1 
and reset in response to the reset signal from the 
counter 1 6. During the shutter pulse generating circuit 
1 7 is in the set state, the shutter pulse generating cir- 
cuit 17 permits the pulse output from the clock gen- 
erating circuit 15 to pass therethrough. During the 
shutter pulse generating circuit 1 7 is in the reset state, 
the shutter pulse generating circuit 17 inhibits the 
above pulse from passing therethrough. An output 
from the shutter pulse generating circuit 17 is applied 
to the solid state imaging device 2 as the shutter 
pulse. 

Operation of the electronic iris control circuit 
shown in FIG. 4 will be described below. 

The low-pass filter 9 derives a voltage corre- 
sponding to a brightness of a whole picture screen. 
This voltage from the low-pass filter 9 is compared 
with the reference voltages V1, V2 by the comparing 
circuits 21 1 22 as shown in FIG. 3. 

When the output voltage from the low-pass filter 
9 is higher than the reference voltage V1, or when the 
brightness of the whole picture screen is too large, the 
decoder 13 outputs a command signal that increases 
the count value (value to be counted by the counter 
16) of the count value designating circuit 14. When 
the output of the low-pass filter 9 is lower than the ref- 
erence voltage V2, or when the brightness of the 
whole picture screen is too small, the decoder 13 out- 
puts a command signal that decreases the count val- 
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ue of the count value designating circuit 14. 

As earlier noted, in FIG. 3, the portion in which 
the output voltage of the solid state imaging device 2 
falls between the reference voltages V1 and V2 is the 

5 dead zone and the hunting can be prevented from tak- 
ing place by this dead zone. That is to say, if the width 
of the dead zone is wider than the voltage fluctuated 
amount of the DC level of the output signal from the 
solid state imaging device 2, this output signal corre- 

10 sponding to the unit time amount that the exposure 
time can be varied, it is possible to prevent the hunting 
from taking place. Therefore, the hunting preventing 
effect becomes remarkable as the width of the dead 
zone becomes wider. However, if the width of the 

15 dead zone is widened, then a control sensitivity is de- 
teriorated. In other words, although the central value 
of the dead zone is preferably a value to be con- 
verged, if such value enters the dead zone, then the 
iris control becomes impossible. However, if the dead 

20 zone is wide, there is then the possibility that a video 
output is stabilized at the portion displaced from the 
converging value largely. Since the gain of the AGC 
circuit 4 is about - 20 dB from a common sense stand- 
point, it is preferable that the dead zone width V1 - V2 

25 is about 10 % of the dynamic range of the video sig- 
nal. Therefore, the shutter gain difference is inhibited 
from exceeding 10 % regardless of the vertical scan- 
ning period or the vertical blanking period. 

Of course, when the output voltage from the low- 

30 pass filter 9 lies between the reference voltages V1 
and V2, the decoder 13 is inhibited from adding or 
subtracting the count value of the count value desig- 
nating circuit 14. 

When the read-out signal X SG1 is generated, the 

35 clock generating circuit 15 generates the clock pulse 
CLK of 15734 Hz in synchronism with the vertical 
synchronizing signal. Then, at the beginning of the 
vertical scanning period and at the end of the vertical 
scanning period, the frequency of the clock pulse 

40 CLK is changed to 2 MHz (or 1 MHz). The clock pulse 
CLK is counted by the counter 16. The counter 16 
starts the counting when the counter 16 is supplied 
with the read-out signal X SG1 and the count value 
thereof is designated by the count value designating 

45 circuit 14. The charge accumulation time (i.e., expos- 
ure time) becomes short as the count value becomes 
large. On the contrary, the charge accumulation time 
becomes long as the count value becomes small. 
The shutter pulse generating circuit 17 gates the 

so clock pulse CLK output from the clock generating cir- 
cuit 15 and outputs the same to the solid state imag- 
ing device 2 as the shutter pulse. To be more con- 
crete, the shutter pulse generating circuit 17 is set in 
response to the read-out signal Xs G i supplied thereto 

55 to permit the output pulse CLK to pass therethrough. 
The shutter pulse generating circuit 17 is reset in re- 
sponse to the reset signal that is generated when the 
counter 16 counts the value designated by the count 

6 
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value designating circuit 14, thereby inhibiting the 
clock pulse CLK from passing therethrough. This in- 
hibition is continued until the next read-out signal X SG1 
is supplied to the shutter pulse generating circuit 17. 
This inhibition period becomes a charge accumulation 
time (i.e., exposure time). 

With this electronic iris control circuit, when the 
brightness is too large, the count value of the counter 
16 is increased so that the exposure time is reduced. 
Conversely, if the brightness is too small, the count 
value of the counter 16 is decreased so that the ex- 
posure time is extended. Therefore, the iris is control- 
led such that the output level of the solid state imag- 
ing device 2 becomes constant constantly, i.e., the 
output level falls within the dead zone. 

With the electronic iris control circuit, the expos- 
ure time can be made shorter than a time period 
(1/1500 second) in which the read-out signal X SG1 is 
supplied af terthe vertical blanking period was started 
because the shutter pulse can be generated even 
during the vertical blanking period. 

While the shutter pulse can be generated at ev- 
ery 1H even during the vertical blanking period in the 
prior art, the exposure time can be reduced to 1/1 500 
second at most in order to avoid the hunting. For this 
reason, the dynamic range of iris falls within a range 
of from 1/60 second to 1/1500 second (28 dB). In the 
embodiment of the present invention, however, since 
the shutter pulse can be generated even within the 
vertical blanking period, the exposure time can be re- 
duced considerably, i.e., the iris can be closed too 
much. In this embodiment, since the frequency of the 
shutter pulse is 2 MHz during the vertical blanking 
period, the dynamic range can be set in a range of 
from 1/60 second to 1/200000 second from a theory 
standpoint (exposure time can be reduced up to ten 
times the shutter pulse period so that the shutter gain 
difference falls within 10 %). The iris dynamic range 
can be considerably extended depending upon the 
frequency of the second pulse. 

That is to say, the iris dynamic range can be ex- 
tended without the occurrence of the hunting. If the 
period of the shutter pulse is selected to be the hori- 
zontal period within the vertical blanking period sim- 
ilarly to the vertical scanning period, then the shutter 
gain difference in the vertical scanning period is in- 
creased considerably. The shutter gain difference be- 
comes larger than at least the maximum value of the 
shutter gain difference within the vertical scanning 
period. The width of the dead zone must be increased 
more than that of the prior art or else the hunting oc- 
curs. 

In the present embodiment, since the frequency 
of the shutter pulse within the vertical blanking period 
is set to 2 MHz, the exposure time can be changed at 
the unit of 1/2000000 second. Therefore, the maxi- 
mum value of the shutter gain difference within the 
vertical blanking period can be made smaller than the 



maximum value within the vertical scanning period. 

In the present emobidment, the iris can be con- 
trolled by changing the charge accumulation time at 
the unit of a period whose duration is shorter than 
5 that of one horizontal scanning period. 

The iris can be controlled by changing the accu- 
mulation start time point at the unit of a period whose 
duration is shorter than the horizontal scanning per- 
iod within the vertical blanking period. 
10 Since the charge accumulation time is controlled 

by changing the accumulation starting time point at 
the unit of period shorter than one horizontal scan- 
ning period within the vertical blanking period, the 
shutter gain difference can be prevented from being 
15 increased without the occurrence of noise while the 
shortest charge accumulation time can be reduced as 
compared with the prior art. Therefore, the iris dy- 
namic range can be widened without the hunting. 
The shutter gain difference that is the ratio of the 
20 unit changing time of the charge accumulation time 
relative to the charge accumulation time provided 
when the charge starting time point lies within the 
vertical blanking period is selected so as not to ex- 
ceed the maximum value of the shutter gain differ- 
25 ence in the horizontal scanning period. 

Therefore, since the charge accumulation time is 
controlled by changing the accumulation starting time 
point at the unit of period shorter than one horizontal 
scanning period within the vertical scanning period, 
30 the shutter gain difference can be prevented from be- 
ing increased without the occurrence of noise. 

The shutter gain difference that is obtained when 
the accumulation starting time point lies within the 
vertical blanking period is selected so as not to ex- 
35 ceed the maximum value of the shutter gain differ- 
ence obtained when the charge accumulation time is 
changed at the unit of horizontal period in the vertical 
scanning period. 

Therefore, since the accumulation starting time 
40 point lies within the vertical blanking period, the iris 
dynamic range can be widened. Also, since the shut- 
ter gain difference within the vertical scanning period 
is made smaller than the maximum value in the vert- 
ical scanning period, the hunting can be avoided. In 
45 ot her words, the dynamic range of iris can be widened 
while the hunting can be prevented from taking place. 

In the present embodiment, there is provided the 
electronic iris control circuit for a video camera which 
comprises the integrating circuit for integrating the 
50 output signal from the solid state imaging device, the 
comparing circuit for comparing the output of the in- 
tegrating circuit with the pre-determined reference 
value, the clock generating circuit for generating the 
first pulse in response to every horizontal blanking 
55 period within the vertical scanning period and gener- 
ating the second pulse of period shorter than that of 
the first pulse during the period that is ahead of a tim- 
ing point at which the read-out pulse is generated 
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within the vertical scanning period, the counter for 
counting the first pulse during the vertical scanning 
period and counting the second pulse during the per- 
iod t hat is ahead of t he timing point at which the read- 
out pulse is generated within the vertical scanning 5 
period, the count value designating circuit means for 
designating the count value counted by the counter 
that increases or decreases the count value on the 
basis of the compared result and the shutter pulse 
circuit for generating the shutter pulse on the basis of 10 
the output from the count value designating circuit to 
control the charge accumulation time of the solid 
state imaging device. 

Therefore, since the shutter pulse is used by us- 
ing the first pulse generated at every horizontal scan- 15 
ning period within the vertical scanning period and 
the second pulse of time period shorter than that of 
the first pulse within the vertical blanking period, and 
the charge accumulation time can be reduced or ex- 
tended on the basis of the average brightness of the 20 
current video signal, the dynamic range of iris can be 
widened without the occurrence of the noise and the 
hunting. 

A second embodiment of the present invention 
will now be described with reference to FIGS. 6 to 8. 25 
In FIGS. 6 and 7, like parts corresponding to those of 
FIGS. 4 and 5 are marked with the same references 
and therefore need not be described in detail. 

Referring to FIG. 6, there is shown the electronic 
iris control circuit 8. The low-pass filter (LPF) 9 is 30 
adapted to integrate the video signal output from the 
sample and hold circuit 3 to convert the thus integrat- 
ed video signal into the DC value. There are shown 
the comparing circuits 21, 2 that compare the output 
voltage of the low-pass filter 9 with the reference vol- 35 
tagesV1,V2 (V1 > V2). The comparing circuit 21 com- 
pares the output voltage of the low-pass filter 9 with 
the reference voltage V1, and the comparing circuit 
22 compares the output voltage of the low-pass filter 
9 with the second voltage V2. 40 

The decoder 13 is adapted to output the addition 
command signal or the subtraction command signal 
on the basis of the compared results from the com- 
paring circuits 21, 22. When the comparing circuit 21 
outputs the signal representative of the compared re- 45 
suit that the output signal of the low-pass filter 9 is 
higher than the reference voltage V1, the decoder 13 
outputs the addition command signal so that the shut- 
ter speed is increased. 

When the comparing circuit 22 outputs the signal so 
representative of the compared result that the output 
signal from the low-pass filter 9 is lower than the ref- 
erence voltage V2, the decoder 13 outputs the sub- 
traction command signal so that the shutter speed is 
decreased. When neither the comparing circuit 21 nor 55 
the comparing circuit 22 outputs the signal, i.e., when 
the output signal of the low-pass filter 9 is lower than 
the reference voltage V1 and higher than the refer- 



ence voltage V2, the decoder 13 outputs neither the 
addition command signal nor the subtraction signal. 

The count value designating circuit 14 is adapted 
to store a pulse count value that determines the shut- 
ter speed and to increase or decrease the count value 
on the basis of the command signal from the decoder 
13. 

The clock generating circuit 15 is adapted to gen- 
erate the clock pulse CLK that serves as the shutter 
pulse when it is gated by the shutter pulse generating 
circuit 17 which will be described later. The clock 
pulse CLK is generated from the clock pulse gener- 
ating circuit 1 5 at every horizontal blanking period and 
therefore has the frequency of 15734 Hz. The reason 
for this is that the shutter pulse must be generated 
only during the horizontal blanking period in order to 
prevent the noise from entering the video signal out- 
put from the solid state imaging device 2 due to the 
shutter pulse during the vertical scanning period. 

There is shown the counter 16 that counts the 
pulse output from the clock generating circuit 15. 
More specifically, the counter 16 starts to count the 
pulse when cleared or reset by the read-out signal 
X S gi (ROG). The counter 16 generates the reset sig- 
nal when the count value reaches the count value 
designated by the count value designating circuit 14. 

The shutter pulse generating circuit 1 7 is set in re- 
sponse to the read-out signal X SG1 supplied thereto 
and reset by the reset signal supplied thereto from 
the counter 1 6. The shutter pulse generating circuit 17 
permits the pulse output from the clock generating 
circuit 15 to pass therethrough while it is in the set 
state. The shutter pulse generating circuit 17 inhibits 
the pulse output from the clock generating circuit 15 
from pass therethrough while it is in the reset state. 
The output from the shutter pulse generating circuit 

1 7 is applied to the solid state imaging device 2 as the 
shutter pulse. 

There is shown a reference value designating cir- 
cuit that is formed of a pulse-width modulator. The 
reference value designating circuit 18 produces the 
upper reference voltage V1 and the lower reference 
voltage V2 of values corresponding to a time period 
during which the reference value designating circuit 

1 8 is reset by the reset signal from the counter 1 6 af- 
ter having received the read-out signal X S gi- The vol- 
tages V1, V2 are then applied through DC low-pass 
filters 19, 20 to reference input terminals (-) of the 
comparing circuits 21, 22, respectively. 

FIG. 8 is a schematic diagram used to explain 
that the dead zone width is changed in accordance 
with the exposure time. As the exposure time is re- 
duced, in other words, as the shutter gain difference 
is increased, the upper and lower reference values 
V1, V2 are changed stepwise (in four steps) and the 
dead zone width is widened. To be more concrete, the 
upper reference value V1 is increased as the shutter 
gain difference is increased. The lower reference val- 
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ue V2 is decreased as the shutter gain difference is 
increased. 

The reason for this is that the dead zone width is 
made narrow to an extent that any hunting will not oc- 
cur in accordance with the magnitude of the shutter 
gain difference. The change of the dead zone width 
in accordance with the shutter gain difference may be 
of no step but may be made stepwise. In the latter 
case, four steps are enough in view of practical use. 

Operation of the electronic iris control circuit 
shown in FIG. 6 will be described below. 

The low-pass filter 9 outputs the voltage corre- 
sponding to the brightness of the whole picture 
screen. This output voltage is compared with the ref- 
erence voltages V1 , V2 by the comparing circuits 21 , 
22. 

When the output voltage from the low-pass filter 
9 is higher than the upper reference voltage V1, or 
when the brightness is too large, the decoder 13 out- 
puts the command signal that increases the count 
value (value counted by the counter 16) of the count 
value designating circuit 14. When the output voltage 
from the low-pass filter 9 is lower than the reference 
voltage V2, or when the brightness is too small, the 
decoder 13 outputs the command signal that de- 
creases the count value of the count value designat- 
ing circuit 14. 

The counter 16 starts to count the clock pulse 
CLK generated from the clock generating circuit 1 5 in 
response to the read-out signal X SG i. When the coun- 
ter 16 counts the count value designated by the count 
value designating circuit 14, the counter 16 supplies 
the reset signal to the shutter pulse generating circuit 
17. 

As described before, the shutter pulse generating 
circuit 17 gates the output pulse CLK from the clock 
generating circuit 15 and outputs the same to the sol- 
id state imaging device 2 as the shutter pulse. To be 
more concrete, t he shutter pulse generating circuit 1 7 
is set by the read-out signal X SG1 supplied thereto to 
permit the output clock pulse CLK to pass there- 
through. The shutter pulse generating circuit 17 is re- 
set by the reset signal generated from the counter 16 
when the counter 16 counts the count value designat- 
ed by the count value designating circuit 14tothereby 
inhibit the output clock pulse CLK from passing there- 
through. This inhibition is continued until the next 
read-out signal Xsgi is supplied to the shutter pulse 
generating circuit 17. Then, this inhibition period is 
served as the charge accumulation time (i.e., expos- 
ure time). 

With the electronic iris control circuit of the sec- 
ond embodiment, when the brightness is too large, 
the count value of the counter 16 is increased so that 
the exposure time is reduced. Conversely, when the 
brightness is too small, the count value of the counter 
16 is decreased so that the exposure time is extend- 
ed. Consequently, the iris of the video camera is con- 
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trolled so that the output level of the solid state imag- 
ing device 2 falls within the dead zone. 

Since the reference value designating circuit 18 
generates the upper and lower reference voltages V1 , 
5 V2 corresponding to the exposure time, i.e., the shut- 
ter gain difference and applies the same through the 
low-pass filters 19, 20 to the reference voltage input 
terminals (-) of the comparing circuits 21 , 22 to there- 
by change the width of the dead zone, as shown in 
10 FIG. 9, the width of the dead zone can be reduced in 
response to a small level of the shutter gain differ- 
ence to an extent that no hunting occurs. 

In the second embodiment, the iris of the video 
camera can be controlled with high accuracy by using 
15 the output from the solid state imaging device. As a 
result, the AGC circuit 4 shown in FIG. 4 is not always 
needed, i.e., the AGC circuit 4 in the second embodi- 
ment may be removed as shown by a phantom block. 
In the second embodiment, the difference be- 
20 tween the upper and lower reference values is 
changed in response to the charge accumulation time 
as the charge accumulation time is reduced. 

Therefore, since the width of the dead zone is 
changed in response to the charge accumulation 
25 time, the width of the dead zone can be reduced in 
response to the duration of the charge accumulation 
time without the risk of the occurrence of hunting. Be- 
sides, the error range of iris can be reduced in re- 
sponse to the charge accumulation time, i.e., the 
30 width of the dead zone can be widened in response 
to the control sensitivity in the current shutter speed. 
Thus, the control sensitivity can be increased to the 
maximum accuracy determined from a principle 
standpoint or nearly the above maximum accuracy 
35 regardless of the shutter speed. 

In the second embodiment, there is provided the 
electronic iris control circuit for a video camera which 
comprises the integrating circuit for integrating the 
output from the solid state imaging device, the refer- 
40 ence value designating circuit for changing the upper 
reference value and/or lower reference value on the 
basis of the charge accumulation time, the comparing 
circuits for comparing the output from the integrating 
circuit with the upper and lower reference values, the 
45 clock generating circuit for generating the pulse at ev- 
ery horizontal blanking period, the counter for count- 
ing the pulse, the count value designating means for 
counting the count value counted by the counter and 
increasing or decreasing the designated count value 
50 in response to the compared results and the shutter 
pulse generating circuit for controlling the charge ac- 
cumulation time by using the shutter pulse in re- 
sponse to the output timing of the counter. 

Therefore, since the electronic iris control circuit 
55 of the second embodiment includes the reference val- 
ue designating circuit that changes the upper refer- 
ence value and/or the lower reference value on the 
basis of the charge accumulation time, the dead zone 
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width that is the difference between the upper and 
lower reference values can be controlled on the basis 
of the charge accumulation time. Also, the error range 
of the iris can be reduced in accordance with the 
charge accumulation time. 

More specifically, the width of the dead zone can 
be widened in response to the control sensitivity in 
the current shutter speed. Thus, the control sensitiv- 
ity can be increased to the maximum accuracy deter- 
mined from a principle standpoint or nearly the above 
maximum accuracy regardless of the shutter speed. 

Further, the period of the shutter pulse is reduced 
in the vertical blanking period in order to widen the dy- 
namic range of the iris. It is frequently observed that 
the iris dynamic range is selected in a range of from 
1 /60 second to 1/100000 second (or in a range of from 
1/60 second to 1/200000 second or more). In that 
case, the number of steps is increased to about 900, 
which takes about 15 seconds for obtaining the opti- 
mum iris. It is needless to say that, if the dynamic 
range of the iris control is widened in a range of from 
1/60 second to 1/200000 second, then a maximum 
value of time that is required to obtain the optimum iris 
is unavoidably increased. As a result, if intensity of 
light irradiated on the object is changed considerably, 
a time required to obtain the proper iris condition is in- 
creased too much to become practical. 

A third embodiment of the electronic iris control 
circuit according to the present invention will be de- 
scribed in detail below with reference to FIG. 9 and 
FIB 10. In FIG. 9, like parts corresponding to those of 
FIGS. 4 and 6 were already described and therefore 
need not be described herein. Therefore, only the cir- 
cuit arrangement of the electronic iris control circuit 8 
will be described below. 

As shown in FIG. 9, the low-pass filter 9 integra- 
tes the video signal output from the sample and hold 
circuit 3 to generate the average value (DC value) in 
one field. There is provided an intensity detecting 
means 31 which receives the output signal of the low- 
pass filter 9 to detect the average (whole) brightness 
of the video signal. The intensity detecting means 31 
comprises four comparing circuits COM1 to COM4. 

The comparing circuits COM1 to COM4 are sup- 
plied at their non-inverting input terminals the output 
signal from the low- pass filter 9 and which are also 
supplied at their inverting input terminals with com- 
parison reference voltages V ref1 to V rett . 

The comparison reference voltages V ref1 to V reM 
supplied to the comparing circuits COM1 to COM4 are 
different from each other. Therefore, the grade of the 
output of the low-pass filter 9 can be detected from 
five grades on the basis of the outputs from the com- 
paring circuits COM1 to COM4. 

More specifically, the maximum value and the 
minimum value of the output from the low-pass filter 
9 are divided by the output of the intensity detecting 
means 31 to provide five regions. Accordingly, it can 



be determined which one of the five grades that the 
output of the low-pass filter 9 belongs. The five 
grades are classified as (1) very bright, (2) bright, (3) 
normal, (4) dark and (5) very dark. 

5 There is shown a decoder 32 which detects from 

the output of the intensity detecting means 31 which 
one of t he five regions (1 ) to (5) the output of the low- 
pass filter 9 belongs, and output an addition/subtrac- 
tion signal and a response signal in response to a de- 

10 tected result. 

The decoder 32 supplies the addition/subtraction 
signal which is representative of the addition to an 
adding/subtracting circuit 33 when the output of the 
low-pass filter 9 belongs to (1) very bright and (2) 

15 bright. The decoder 32 supplies the addition/subtrac- 
tion signal which is representative of the subtraction 
to the adding/subtracting circuit 33 when the output 
of the low-pass filter 9 belongs to (4) dark and (5) very 
dark. When the output of the low-pass filter 9 belongs 

20 to (3) normal, the decoder 32 does not generate the 
command signal representative of the addition and 
the subtraction. That is to say, when the output of the 
low- pass filter 9 belongs to (3) normal, the charge ac- 
cumulation time is not changed, and the grade (3) is 

25 referred to as the dead zone. 

Further, the decoder 32 supplies a selector 34 
with a response signal that designates a normal 
change of the charge accumulation time when the 
output of the low-pass filter 9 belongs to (2) bright or 

30 (4) dark. The decoder 32 supplies the selector 34 with 
a response signal that designates a rapid change of 
the charge accumulation time when the output of the 
low-pass filter 9 belongs to (1) very bright or (5) very 
dark. 

35 The adding/subtracting circuit 33 adds or sub- 

tracts a calculated value of the selector 34 to or from 
a value stored in a latch circuit 35, and supplies its 
added or subtracted value to the latch circuit 35. 
The selector 34 receives as input signals two cal- 

40 culated values of a normal change calculated value, 
e.g., "1" and a rapid change calculated value, e.g., "6", 
and also receives the response signal as a selection 
signal. Then, the selector 34 selects the input signal 
designated by the response signal from the two input 

45 signals supplied thereto and outputs the selected sig- 
nal to the adding/subtracting circuit 33. 

That is to say, when the response signal is the 
signal that designates the normal change, the selec- 
tor 34 outputs the normal change calculated value, 

so e.g., "1". When the response signal is the signal that 
designates the rapid change, the selector 34 outputs 
the rapid change calculated value, e.g., "6", whereby 
the accumulation time of the rapid change can be 
changed at speed six times as high as t hat of t he nor- 

55 mal change of the accumulation time. Incidentally, 
the normal change calculated value is not always lim- 
ited to "1" and the rapid change calculated value also 
is not always limited to "6 M . 
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Further, the ordinary change calculated value 
may be set so that the shutter gain difference be- 
comes the first value (e.g., 10 %) and the rapid 
change calculated value may be set so that the shut- 
ter gain difference becomes a second value (e.g., 20 5 
%) larger than the first value. With this arrangement, 
a stable iris operation can be realized regardless of 
the duration of the accumulation time. 

The latch circuit 35 is adapted to store the current 
value of the number of shutter pulses that should be 10 
output from t he electronic iris control circuit 8 after the 
electronic iris control circuit 8 has generated the read- 
out pulse at every field. When the read-out pulse is 
generated from the electronic iris control circuit 8, the 
latch circuit 35 supplies its memorized value to the 15 
counter 16 and supplies the same to the adding/sub- 
tracting circuit 33. Then, the adding/subtracting circuit 
33 adds or subtracts the calculated value of the se- 
lector 34 to or from the memorized value of the latch 
circuit 35 and loads the added or subtracted result to 20 
the latch circuit 35. The memorized value of the latch 
circuit 35 is updated by a series of the aforesaid op- 
eration. 

When data representative of the number of shut- 
ter pulses that should be output after the read-out 25 
pulse had been generated at every field is loaded to 
the counter 16 from the latch circuit 35, the counter 
16 counts the shutter pulses of the corresponding 
number. At the completion of the counting, the coun- 
ter 16 supplies a carry to a gate circuit 37. 30 

The gate circuit 37 is adapted to gate the shutter 
pulse and supplied the same to the solid state imag- 
ing device 2. The gate circuit 37 opens its gate in re- 
sponse to the read-out pulse supplied thereto at ev- 
ery field and closes its gate in response to the carry 35 
supplied thereto from the counter 16. Therefore, the 
shutter pulse is continuously output from the electron- 
ic iris control circuit 8 to the solid state imaging device 
2 until the gate circuit 37 receives the carry from the 
counter 16 after having been received this read-out 40 
pulse. 

FIG. 1 0 is a timing chart used to explain operation 
of the electronic iris control circuit 8 of the third em- 
bodiment. 

The video signal, sampled and held by the sam- 45 
pie and hold circuit 3, is integrated by the low-pass fil- 
ter 9 and thereby converted into a signal that repre- 
sents an average value of one field. The signal thus 
converted is the very signal that represents the 
whole (average) brightness of the picture screen of 50 
one field. 

This signal indicative of the intensity on the pic- 
ture screen is input to the intensity detecting means 
31 and the intensity detecting means 31 detects from 
the input signal which one of the five grades such in- 55 
tensity (brightness) belongs to. 

Assuming that V max is the maximum value of the 
output V from the low-pass filter 9 and that V min is the 



minimum value of the output V from the low-pass filter 
9, then when V max ^ V ^ is satisfied, it is evalu- 
ated that the intensity is (1) very bright. When V ref1 ^ 
V ^ V ref2 is satisfied, it is evaluated that the intensity 
is (2) bright. When V ref2 ^ V ^ V ref3 is satisfied, it is 
evaluated that the intensity is (3) normal. When V ref3 
^ V ^ V re f 4 is satisfied, it is appreciated that the inten- 
sity is (4) dark. When V ref4 ^ V ^ V min is satisfied, it 
is appreciated that the intensity is (5) very dark. 

Assuming now that the intensity is evaluated as 
(2) bright because V ref1 > V > V ref2 is satisfied, then the 
decoder 32 supplies the adding/subtracting circuit 33 
with the addition/subtraction signal that represents 
the addition command signal and also supplies the 
selector 34 with the response signal that represents 
the normal change command signal. 

The adding/subtracting circuit 33 adds a numeri- 
cal value "1" output from the selector 34 to the value 
loaded thereinto from the latch circuit 35 after the 
read-out pulse ROG had been generated, whereby 
the memorized value in the latch circuit 35 is updated 
as a value incremented by "1". 

Hence, this updated value becomes a shutter 
pulse that is supplied from the gate circuit 37 to the 
solid state imaging device 2 during the next field, 
whereby the charge accumulation time of the solid 
state imaging device 2 is reduced by one period of the 
shutter pulse, i.e., the iris is closed. 

If the intensity is set to the normal intensity after 
the aforesaid operations were repeated, V f6f2 > V > 
V ref3 is satisfied. Then, the decoder 32 is placed in the 
condition that it outputs neither the addition com- 
mand signal nor the subtraction command signal so 
that the numerical value stored in the latch circuit 35 
is not changed at all. Hence, the charge accumulation 
time is not changed. 

Assuming next that V max > V > V ref1 is satisfied to 
determine the intensity as (1) very bright, then the 
decoder 32 supplies the adding/subtracting circuit 33 
with the addition/subtraction signal indicative of the 
addition command and also supplies the selector 34 
with the rapid change command signal as the re- 
sponse signal. 

Consequently, the memorized value in the latch 
circuit 35 is updated at one time to the rapid change 
calculated value, e.g., value increased by "6" so that 
the accumulation time at which the solid state imag- 
ing device 2 accumulates the signal charges is re- 
duced by the amount, for example, six times the per- 
iod of the shutter pulse at every field and the iris is 
energized at speed six times as high as the normal 
speed. Therefore, the intensity is decreased rapidly. 
Then, when V ref1 > V > V ref2 is satisfied, the speed at 
which the accumulation time is changed is switched 
to the normal change speed. If the intensity is further 
decreased so as to satisfy V ref2 > V > F ref3 , the accu- 
mulation time is no longer changed. 

This electronic iris control circuit of the third em- 
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bodiment is operated similarly to the case that the in- 
tensity is (2) bright and (1) very bright when the inten- 
sity is (4) dark and (5) very dark, and is different only 
in the following points. That is to say, the addi- 
tion/subtraction signal becomes the signal that repre- 
sents the subtraction command and the memorized 
value in the latch circuit 35 is updated to a value to be 
decreased, whereby the charge accumulation time is 
extended and the intensity is increased. 

With the electronic iris control circuit of the third 
embodiment, the intensity is evaluated in five grades. 
When the intensity is evaluated as (1) very bright and 
(5) very dark, the intensity is rapidly changed so as 
to become a predetermined intensity. When the in- 
tensity reaches the predetermined intensity, the in- 
tensity is changed at the normal speed. Therefore, 
the responsiveness (control speed) in the control of 
the electronic iris can be enhanced. 

While the intensity is evaluated in five grades as 
described above, the present invention is not limited 
thereto and the intensity may be evaluated in many 
more grades. In that case, if the responsiveness sig- 
nal is switched in much more grades such as three 
grades and four grades unlike the aforesaid embodi- 
ment that the responsiveness signal is switched only 
in two grades, then the iris control speed can be 
changed more finely. 

In the third embodiment, there is provided the 
electronic iris control circuit which includes the inten- 
sity detecting means for detecting which one of a 
number of divided regions, which result from dividing 
the maximum value and the minimum value of the vid- 
eo signal, the detected value of average value of the 
video signal belongs. The charge accumulation time 
can be controlled at the response speed correspond- 
ing to the output of the intensity detecting means in 
such a fashion that the detected value of the video 
signal becomes nearly equal to the predetermined 
value. 

Therefore, according to the above electronic iris 
control circuit, the divided region that the detected 
value of the average value of the video signal falls is 
detected by the intensity detecting means and the iris 
of the solid state imaging device can be controlled in 
response to the response speed corresponding to the 
detected result, whereby the response speed in the 
iris control operation can be increased. 

The electronic iris control circuit of the third em- 
bodiment includes the intensity detecting means that 
comprises a plurality of comparing circuits for com- 
paring different comparison values with the detected 
value of the average value of the video signal. 

According to this electronic iris control circuit, the 
region to which the average value of the video signal 
belongs can be detected on the basis of the outputs 
from a plurality of comparing circuits that construct 
the intensity detecting means. 

Further, with the third embodiment, there is pro- 



vided the electronic iris control circuit which compris- 
es the low-pass filter for detecting the average value 
of the video signal, the intensity detecting means 
formed of a plurality of comparing circuits for compar- 
5 ing the different comparison reference values with 
the outputs of the low-pass filter, the decoder for gen- 
erating on the basis of the output signals from the re- 
spective comparing circuits in the intensity detecting 
means the addition/subtraction signal that designa- 

10 tes the addition or subtraction in response to whether 
the intensity is larger than or smaller than the prede- 
termined value, the latch circuit for memorizing the 
current value of the number of shutter pulses to be 
output after the read-out pulse had been generated, 

15 the adding/subtracting circuit for adding or subtract- 
ing the value corresponding to the response signal 
from the decoder to or from the value stored in the 
latch circuit in response to the addition/subtraction 
signal from the decoder and loading the same into the 

20 latch circuit, the counter for counting the shutter pulse 
or the pulse synchronized with the shutter pulse 
times of the count value designated by the latch cir- 
cuit when supplied with the read- out pulse, and the 
gate circuit for permitting the shutter pulse to be sup- 

25 plied to the solid state imaging device in response to 
the read-out pulse supplied thereto and inhibiting the 
shutter pulse from being supplied to the solid state im- 
aging device when supplied with the carry after the 
counter has finished the counting of the designated 

30 count value. 

Therefore, in the electronic iris control circuit of 
the third embodiment, the low-pass filter detects the 
average value of the video signal, the intensity de- 
tecting means formed of a plurality of comparing cir- 

35 cuits detects one of the divided regions to which the 
detected value belongs, the decoder processes the 
detected result to generate the addition/subtraction 
signal that designates the reduction or extension of 
the accumulation time and also the response signal 

40 that designates the increase or decrease of the 
speed at which the accumulation time is changed, the 
adding/subtracting circuit adds or subtracts the cur- 
rent value of the number of shutter pulses to or from 
the value stored in the latch circuit in response to the 

45 addition/subtraction signal and the response signal 
after the read-out signal had been generated, the 
counter counts the shutter pulses times correspond- 
ing to the value stored in the latch circuit and which 
is added or subtracted after the read- out pulse had 

so been generated and the gate circuit outputs the shut- 
ter pulse to the solid state imaging device during the 
counter counts the shutter pulses. Therefore, the in- 
tensity can be controlled by changing the signal 
charge accumulation time. Also, the speed at which 

55 the signal charge accumulation time is changed can 
be changed in response to the intensity of the picture 
screen. Besides, the responsiveness of the iris can 
be enhanced. 

12 



30CID: <EP 0583143A2_I_ > 



23 



EP0 583 143 A2 



24 



A fourth embodiment of the electronic iris control 
circuit 8 according to the present invention will be de- 
scribed below with reference to FIGS. 11 and 12. 

The electronic iris control circuit 8 of the fourth 
embodiment is considerably different from the con- 
ventional circuit shown in FIG. 1 in t hat comparing cir- 
cuits 110a t 110b of this embodiment are energized 
only when supplied with an enable signal and that a 
delay circuit 112 and a NAND circuit 120 generate a 
pulse at a particular timing point within the vertical 
blanking period to thereby apply the same to the com- 
paring circuits 110a, 110b. A rest of elements and 
parts are similar to those mentioned before and only 
different elements and parts will be described herein. 

Referring to FIG. 11, there are provided the com- 
paring circuits 110a, 110b that are operated only 
when supplied with the enable signal. The delay cir- 
cuit 112 comprises four flip- flops F/F connected in 
cascade and delays the vertical blanking signal V BLK 
when supplied with the horizontal synchronizing sig- 
nal HD as the clock pulse. To be more concrete, the 
delay circuit 112 delays the vertical blanking signal 
V BLK so that this vertical blanking signal becomes a 
signal that is delayed by three horizontal period from 
the first horizontal synchronizing signal HD of the 
vertical blanking period. 

The NAND circuit 120 receives the output signal 
of the delay circuit 112 and a signal which results from 
inverting the output signal from the flip-flop F/F next 
to the final flip-flip F/F to generate the enable signal 
having a pulse width of one horizontal period. The out- 
put of the NAND circuit 120 is input to the comparing 
circuits 110a, 110b as the enable signal. The compar- 
ing circuits 110a, 110b can be operated in response 
only to the enable signal. 

In the electronic iris control circuit 8 of the fourth 
embodiment, since the comparing circuits 11 0a, 1 10b 
are operated in response only to the enable signal 
that is generated during the vertical blanking period, 
the output signals from the comparing circuits 110a, 
110b can be prevented from being changed during the 
vertical effective period. There is then no risk at all 
that, when the output signals from the comparing cir- 
cuits 110a. 110b are changed, a bad influence is 
exerted upon the video signal by a crosstalk compo- 
nent so that a noise appears on the picture, which de- 
teriorates the picture quality. 

Insofar as the enable signal is generated during 
the vertical blanking period, the enable signal need 
not be generated at the timing point delayed 3H from 
the starting timing point of the vertical blanking peri- 
od. It is sufficient that the enable signal is prevented 
from being generated during the vertical effective 
period so as not to energize the comparing circuits 
110a, 110b. 

In the electronic iris control circuit of the fourth 
embodiment, since the comparing circuits are operat- 
ed only during the vertical blanking period, there is 
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then no possibility that the outputs of the comparing 
circuits will be changed during the vertical effective 
period. Therefore, the output video signal from the 
solid state imaging device can be prevented from be- 
5 ing affected by the outputs from the comparing cir- 
cuits during the vertical effective period. Therefore, 
the picture quality can be prevented from being dete- 
riorated by the change of the outputs from the com- 
paring circuits. 

10 Further, since the electronic iris control circuit of 

the fourth embodiment is comprised of the delay cir- 
cuit for delaying the input vertical blanking signal by 
a delay amount of an integral multiple of the horizontal 
period, and the enable signal generating circuit for 

15 generating the pulse having a certain pulse width 
from the output of the delay circuit. Therefore, accord- 
ing to the aforesaid electronic iris control circuit, since 
the vertical blanking period is delayed by the delay 
amount of the integral multiple of the horizontal period 

20 by the delay circuit and the pulse is generated from 
the enable signal generating circuit, this pulse is ap- 
plied to the comparing circuits as the enable signal, 
whereby the comparing circuits can be operated only 
during the vertical blanking period. 

25 Having described embodiments of the invention 

with reference to the accompanying drawings, it is to 
be understood that the invention is not limited to 
those precise embodiments and that various 
changed and modifications could be effected therein 

30 by one skilled in the art without departing from the 
spirit or scope of the invention. 

Claims 

35 

1 . A video camera comprising: 

an image sensing device (2) for sensing an 
incident light to generate charges and supplying 
an output signal corresponding to said charges, 
40 said output signal comprising a recurrent vertical 

scanning period and a recurrent vertical blanking 
period, said vertical scanning period including a 
plurality of horizontal scanning periods; 

a comparator (21 ,22) for comparing a level 
45 of said output signal with a reference level to gen- 

erate a compared output signal; 

means (15) for generating a first clock 
pulse having the same frequency as a horizontal 
scanning period; 
so means (15) for generating a second clock 

pulse having a frequency higher than that of said 
first clock pulse; and 

exposure time controlling means (16,17) 
for receiving said compared output signal and 
55 controlling an exposure time of said image sens- 

ing device in synchronism with said first clock 
pulse according to said compared output signal 
when said exposure time is within said vertical 

13 
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scanning period, and said exposure time control- 
ling means controlling said exposure time in syn- 
chronism with said second clock pulse when a 
whole exposure time is within a vertical blanking 
period. 5 

A video camera comprising: 

an image sensing device (2) for sensing an 
incident light and generating charges and supply- 
ing an output signal corresponding to said charg- 10 
es; 

first and second comparators (21,22) for 
comparing a level of said output signal with first 
and second variable levels to generate compared 
output signals; 15 

exposure time controlling means (13-17) 
for receiving said compared output signals and 
controlling an exposure time of said image sens- 
ing device according to said compared output sig- 
nal; and 20 

control means (18) for controlling said first 
and second reference levels according to a dur- 
ation of said exposure time. 

A video camera according to claim 2, wherein 25 
said control means controls said first and second 
reference levels such that a difference between 
said first and second reference levels increases 
as said exposure time becomes shorter. 

30 

A video camera comprising: 

an image sensing device (2) for sensing an 
incident light and generating charges and supply- 
ing an output signal corresponding to said charg- 
es; 35 

first, second, third and fourth comparators 
(COM1-COM4) for comparing a level of said out- 
put signal with first, second, third and fourth ref- 
erence levels from high to low level, respectively, 
to generate a compared output signal; and 40 

exposure time controlling means (33-37) 
for receiving said compared output signal and 
controlling an exposure time of said image sens- 
ing device according to said compared output sig- 
nal. 45 



said first ratio is less than said second ratio, said 
second ratio is less than said third ratio and said 
third ratio is less than said fourth ratio. 

6. A video camera comprising: 

an image sensing device (2) for sensing an 
incident light, generating charges and supplying 
an output signal corresponding to said charges, 
said output signal having recurrent blanking in- 
tervals interspersed with active picture intervals; 

a comparator (1 Oa,b) for comparing a level 
of said output signal with a reference level to gen- 
erate a compared output signal, said comparator 
being disabled during said active picture inter- 
vals; and 

exposure time controlling means (11) for 
receiving said compared output signal and con- 
trolling an exposure time of said image sensing 
device according to said compared output signal. 

7. A video camera according to any preceding claim, 
wherein said image sensing device accumulates 
said charges and said exposure time controlling 
means controls an accumulation time period of 
said image sensing device. 

8. A video camera according to claim 7, wherein 
said controlling means discharges said charges 
accumulated in said photo sensing element. 



A video camera according to claim 4, wherein 
said exposure time is changed with a first ratio 
when said level of said output signal is higher 
than said first level, said exposure time is 
changed with a second ratio when said level of 
said output signal is between said first and sec- 
ond reference levels, said exposure time is 
changed with a third ratio when said level of said 
output signal is between said third and fourth ref- 
erence levels, and said exposure time is changed 
with a fourth ratio when said level of said output 
signal is lower than said fourth level, and wherein 
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(57) A video camera comprises an image sensing 
device (2) for sensing an incident light to gener- 
ate charges and supplying an output signal 
corresponding to the charges (the output signal 
comprising a recurrent vertical scanning period 
and a recurrent vertical blanking period, the 
vertical scanning period including a plurality of 
horizontal scanning periods), comparators 
(21 ,22) for comparing a level of the output 
signal with reference levels (Vi* V 2) to generate a 
compared output signal, a circuit (15) for 
generating a first clock pulse having the same 
frequency as a horizontal scanning period, a 
circuit (15) for generating a second dock pulse 
having a frequency higher than that of the first 
dock pulse, and an exposure time controlling 
circuit (16,17) for receiving the compared out- 
put signal and controlling an exposure time of 
the image sensing device in synchronism with 
the first clock pulse according to the compared 
output signal when the exposure time is within 
the vertical scanning period, and the exposure 
time controlling circuit controls the exposure 
time in synchronism with the second clock 
pulse when a whole exposure time is within a 
vertical blanking period. The level of the refer- 
ence signals can be controlled according to the 
duration of the exposure time such that a differ- 
ence between the first and second reference 
levels increases as the exposure time become 
shorter. A further embodiment uses first to 
fourth comparators and first to fourth reference 
levels to improve the response speed of the 
exposure control. To avoid deterioration of the 
image signal the comparator circuit can be 
disabled during the active image intervals. 
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